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yN-1'h'P + ->7A:5''<h (HAp, -fb^xCCa,„(PO.) .(OH) ,) |i. -^©^ 

MUfc^{*iS^14fcJ;lX^i*;g1t(CJ:y. 3 0 ^ fB^i ^ > y 7 > h Pt Pi t L X m ^ ^ M 

©^<*il^14^;&t--5*g^i^« (phase-re i nforcement) , > 
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V</^->>:7A«. HA Pte^«)il^(0A;U->e;A©*5^;t>S»ai03-O<!: LT5fDe.tXT 

V^r4^->H,/,x-M^3+ircHAp (iUT, V^-'^. ->i7AS^HAp<!:|*-r-S) (S 
^ M /j: <k ^ it (C T S r C <h «t T * * . 
[ 0 0 0 4 ] 

Ca,o-xMg, (PO4) t (OH) J 

it*, x/1 o(*. ^ i^''-^'^ ^> tm.^\.it^ if ^-^o 

t) CO T ^ -5 . 
[ 0 0 0 5 ] 

aS^H, fe.fcc;^(i. 0. 4 4BS%, 1. 2 3MS%. *3j:l/0. 7 2i 

g%©V^':^->^7A^$t,«. SeoT, Vj5r;|,->^^a^H^p;^3fjj (Mg-HAp) (i. 

H!f$?Fm6. 027. 742^teJ;UCg|@ajS^gai;^l8SgOO/03747^lCli.:&-* 

, Mg-HApW«.ft|?fia<!:LT©, ^3J:y:ffi?i^fflja'^CD«ffl;6<la^$t^Tl^-5. 
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HAp«1=OMg©«g^±|?rS<!:. Mg-HAp©!t§ 14 icJUTCDiJSP (a) IS 
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3 n T U -S . 
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^ L ^ -5 C i: a ta $ n i 
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J; 0 . 9 P b ( M g , N b 2 . ) 0,-0.1 P b T i O ,H CD W~*> U it-^ tfi \ : • 

i IS it (C E S'J 2 n -5 , 7j< >§ ig IS , jg M t£ 14 , qa S . ■ R iS g , «i: t/: S <b ( * fiE 
*5.fcZ/fi£:^) *<Sit-r-5:-tlcJ;y, iaa<b^fi*)S*BlC|S@fl<UCg§^Ui§-5. X5'J-* 
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->7y'?:J'-1' h?:JS«^-5. 2|s:^B^ ©Mg-HA pIS. JSigiam-f* (c r y s t a I ag 
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[001 5 ] 

U > K 'T * > ai i U T IS , 7k 14 O 1^ ^ IC JS t\ g > ^ ?K ^ r 7 > ^ - A $ H\ . 7h 

7jc K -ft ^ 4- •> A ^ ffl l\ T , -> C7 A a ^ U ^ ;U *^ J: U K tMi ^ (C. 5fe S JEE 03 7j< K 

<tVi>':7.->C7A€^. S-r-SjiJgdi^. U, *SJCB0D7KK^kV^:^;.->'5AXl<@$tW(CSM-r-5 

<t?)|c. :>^>K7>^ii'^A7Kj§>gf«gtXMg-HAp$:2t;*-r-2)C:<t;GiWSL^l\. 
[00163 

■5A(0U'<;u^. -^if^i^OAommiztii^x. ^ (d ti -> o a iz lt±^$ 

1+ * ifi *I /j: ^ ;4 T & -S , ^jE T . ^ ^ <D Si (D m m iz J: nii . '> O A M y\ -< 

KP + ->7/"C^'-f h*S^«iil*5©Vii^:^->'5Ag$. ^S?<iil©;>3;i.->':>AaiCS=fUT. 

ct 9^ « ic /j: o V •> ^7 A « (c u T ± ^ $ -a- -5 a ^ a fit -r * . C O :^ IC 

teUT, ^ ^ 0 AWtk y\ KP^^->7/"«t5'-f HIS, ^'J^>^7>^ — i'A^gigTSt^ 
[001 71 

nfc&JS*fc(axHU-7-co?l*I^-r>y^> *5J:0f#«Sfc(d:/t?Uv'-CDMg-HA 
P?g#«if4A>e>JBfiJc$n;t'f>7'7>hfeJBfi)cU?§-5. *f6Wtt. *^I^C!)Mg-HAp 

M g - HA p*^^;5:4ayffi®^il<offiS#ray. ®©e)i!i!g|j|c^jR$n-5^S*>tli7l?ij 

[001 8 ] 

*^B.«©Mg - HA V \t it ^ mm ^ ^ m ^ \z %\\ u ^ ^ iL tb . ■p o hi^^y^-^^A 

$5 J: :fi > V (DTti^m . fe J: t^ttiat^J#<* $ (a<i|!Kjfi£SS^:J(plant growth 

substrate) i U Ti?2a left ffl $ n ^. -ft ^ fi ti S ^ iS il f ^ ^ i: ic ^ ^ T . ^g^ffl^ 

[001 9 3 

iitoT, ^mfi^<D»i(0-mmiZJ:tH£, **i§©Mg-HAp^#A,;t', i'PVhi?'57 

^ - :*5A*fcii^^t>-y-(DF«3gmcitffl$n^?EJisij, ^ u < uMm^mi^^mm^ti 

•5. *f6B^Ji, *^B^©Mg-HAp*#A//J:®^1*:ffl^cr);ti4,05g^;f^jf4^jg^l^^ ^ 

7t*fei80M g - H A p $^/u/^fi|i^fiE:g®«t>tififr-5. 
[ 0 0 2 0 ] 

Se^T. :^mm li , J^Pi IZ i6 n ^ t> Jl -> O A -i :t > Pi ^ ^' ^ -> A :t > (D tt ?L ^ C 
ilCjioT. HAp|^©Vi!f4^->C;A«^U'<;U$»JSSILT. 

mizm-^^itm^^fk^ma^.-r^, * ^ B<g co tfi in fc j: ffe © g m . 4$ gi . /j: t> ic ?ij is 
[^Bj^ssg-r-5fe«:)(Dissroj}5,m 

[ 0 0 2 1 3 
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*^W<D®eiC*5 0T. r^KiSISj <0^ yf>'^. tit , 7K IC « K- -S ^ g *i '>/<£< i <} $t) 2 
. Og/LO^HtUT^^^n-S. iSJSSlS, **)2 0g/LJ:y^#t^C<!:/»tffSLl^ 
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mm(o ^ ^ > ^.tfi^m^ ti^ o :t >'M(o<t^ mm m\t . m ^^i (o ha o mm iz 

FJim<Dtt^mi^sT^^^'MiRiEti. iz 0 A \z i4 -r ^ :^ Ji^ iy O A <D pJi m <D tt t 

> \z %4 T ^ ^ ji^ zy:? A ^ £ it> ^ ^ ^ :t >(o mm <d tt m -r ^ ct ^ s j;? * ti o * 
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^ IS Pg IS . 8 0 0 ~ 1 5 0 0 r . p . m . ( V 5^ ij > tS'' j« s ;HC J3 l\ T ) © 111 S jl 
S IC T , * ;t li :^ ^ U - © @ ^ * *t SS5 Oli ^ IS J: y jl l\ il g (C T , '> /j: < <t 1 B# Pel 
. » ^ L < li **) 1 ~ 1 0 B# PiS ^7 P . © FbI . * 14 7 U - © jg S IS $*) 2 5 ~ 3 5 t: IC *S 
$n<5. ^-©^, @*iS:lHliRUT, l5SiS7KTj!?$L<ISigy31Uj5t;^-r-2)o -^-Wi^. »^ 
U<iaSl7)lc4^if4^a'ij>iJi^UT, **)4 0~ 2 0 0'C©iF(^T|£JS$1i-T. Sffl^fflX* 
SILT, ^-J^/l^K^^^^B^^-r-S). ^«^i:7j<5Ji£:P^*-r-S/tit>ic, /^^^ig;4$ffifflUTt) 

J;t^, flfax-s.nis. i»5S©iag*/hs<-r-5>tii)ic^jss^^^ToT't)cttN. 

[ 0 0 3 2 ] 

*^^©33;4li, 7X14©SJEEJSE<*1'T. IS-^/)>;S:igg|cT, mm. \z m <0 ts. [.\ > m m 

± •< :t > iH ;&i 7X -tt T * If ^ la . fi IC S jg 4i 5 JS; fi t\ . t\ iD ic J: y 7jc *B * 
*UT. 7k;S;S«i='T'5;HcJ:y®Ht$n7£:t»*«*-4^[HliRU/c5fe, P]^*«^:^S1±T. 

::^^y— — :^©K^5*^^?SUl^. ^-^>l^(a, ^si4©7/t:$''f hmiiEi^KSJisjsE-r-sr: 

o©7j<:jS1±«sp4i&ffll^Tt)J:<. •?-©^7y'<^-i' hB?FlB!^Stt7jcjg}fi4'T5;ncJ:y)SEW 

. '^S:©Ji«Tlcfcl\T^JgS;U©*.«:igfflUTSi^$n»-5C<!:*aJS-r-5T»5p. 
[ 0 0 3 3 ] 

7K^'fkv^^;t-.->C7A. ^it^ ^ ^ •> A . y>IKv>5r:f.->';7AI|©7jc|c:T:S«:v^^v/-? 

A '< yt- > =M ^ m u T . ■7c^^-->0AmiSki'^j\^^j:ijm<-t^m-Bs Mg-HApi£s 
*?fl*iic3t^ UT^, ^■rs'^^, — ^s©*s*£;©v^^^->^7A'f^>as*tsiii-r-i)T»5 

P . 4$ IC » ^ U l^ ^ *S .1^ (c i\ T , M g - H A p li . * J5 © V -> ^7 A -T ^ > ^ 
$fefi«IICSlS-rSTS)^Pi>X>^7>^-i;A7KS>ST3t*$tli.. ;:©3t^IS©Si. 
j^'fbSnfcMg - HA p^. ^S7X-C»SU<li^y)gL^j^O;t^lc^Jg$1±^. 
[ 0 0 3 4 3 

» * U t^ X fl IC O T . M g - H A p 5l5 IS , it :h Jl >- 0 A t if^ C ^ A t. 

©ig^#l€:7Kff lcj?jS$#fc^. 7|cS14©y >K7|cS|-7 ^^J^i^ A«}*©-fb^fifia* 

S5?^-r-5CilcJ;oT. 1l3l*$^b^a*J7KS§l^fiK4?75. ^©!em?§e.n>S:l»5|?*7jt3fe 
U X 7K © 1^ ^ 1^ ^ -r -5 A< . V :^ -> ^7 A M ^ U ^ ;U J; y S iMi ^ la . S *33 IC X > 

^-7>^^r>A7jtSjg3t^Xfi*flP. 7j<3feafc. Uu-HA&^n^^-^^. 
[ 0 0 3 5 3 

2|s^?«©^;iia. ^N-r KD + ->7/'?t?^ hte^«jtF«3©*;U->':>A-f;^->*iv>y:^!.->r>A 
m©'>;Jj:<<»:t>7 5Sg%lCctyM^$nfc. ISSMg-HApigJ^^ffl^-r-g). sfc^gJU 
±©S?^€^-r-2)C:i^t<, S*fi*JlC-7^:?5.->«5Afi©±B|5*sy\-f' KP + ->7/'«:J'-f h^S^ 
*Sjll^©;^;U->'5A'f;j-><!:a^3nTOSSgB^Mg - HA p<&SSlC^<bC<i:*<T#-5 

. fitoT, ^si^ii*MJffl*©»sicj:-3T. i*)8 o~9 8as%©s^u^;u^§aic 

[ 0 0 3 6 3 

^SMg-HApia. ^ 2 . 0'^2 9MS.%o:>-7if^iyOASt^^L, **)3. 5~2 8. 

4«a%©ffl^U'<;u*^-r-i>c<!:A<i?^uu. m^O^ji^it, m 5 - 2 5 mm%^ 

ff*L<. ;J'-/i<it>l 0Mfi%*«St)»XLO. *f6IB©j^SMg-HAp|i. tigA^ 
*t)5nm~$t)l 0 05i>P> ( u m) ©ieHlCig^, ^ \Z iS. & T ^ ^ "f- i M X fz ^ Fb M 



*l 9 ) 



JP 2004-532172 A 2004.10.21 



« i* ^ jfi fijc -r -5 . 

[ 0 0 3 7 ] 

*§£B^©SiSMg - HA Pis, t h$/cl4ffeC0(S?L$i©?ii*§^|^lZiHSSASn-2>^a4^; 

£!irt(OHAp^5^^B^<DMg-HApi35^LXffl^*5j;L)C<*SI|$n-5. m 60 <^ It . &m 
fc.tLK^U'V-(DMg-HAp?S-&$iif4A^'&<ti^$tXl#-5. 
[ 0 0 3 8 ] 

2js:5gB^<DMg-HAp(i, ^:x.-t>-iy^j:Ui^n-?i^if7y-<-:h'^Aa:>^m^^pinp=i<o lo 

HAp<!:t)3E^$n»-l). *56W<7)Mg-HApCi, MJS»J*{*rt, ffi!^fi£:^S«. fed: 
Z>'3tJt<*ffl3ao5fci6(Det*tt*-4F*30DH A pi3j;oMl!iODS:*$i*S*JfcJ;Z/e**;tt)^^$n 
m i> . 'iSt-DX , :^^BM{t. *Ml«©Mg-HAp«#^/t*^>Q^h^^5:7'f-A5AfcJ; 

o ■ ■ * 

[ 0 0 3 9 ] 

is ^ Z/ 'S -a m it i\k iz m t)i rj:l\ m U m m iz J: ^ ^ <D i: U s. ±X(D}^&itmRX'mto HA 

(HiS^iJ) 20 
H g'J 1 CaaMga (PO.) e (OH) 2 0D«a«^k^M7KfSi^J5Eo 
[ 0 0 4 0 ] 

Rtt^^MiiUXs 7hm<t^J\^iyOA. 7K K V :^ r> A . cfc ?X H.<* O U > K 7K S " 7 
> ^ — 0 (6fVim. 7 Ji^y 7 OL- V (A I f a Ae s a r) iht 5)tg|V-y5^ii--b>u/ 
^yil+l-i^Th — Kt;i/ (Wa rd H i I I) pjfffi] M) ^ffifflUT. Mg-HAp*^^U 

c mm iZ . 5 0 0mL:h'^P.m)z-ti-p^iZiDl\X. ffii -< ^ > 7k 3 5 0 m L IC 7X K 
*;U->^7A2 2. 1 7 0 gteJ:l/7KK-fbV^5^4^->':;A4. 5 5 7 gODt»5f^S^i^X?^^*n 

:g*;3<D::^^U-»fo (Ca + Mg) X P (D it it . A . 6 7 X & -d fc. 30 

izt&iBL^ nft7h^mmmmmiixm\mux . e m cd ^b ^ s ts a * $i j# u o >^ ^ u - (d p 

H(i, /hgypHlt (ACCUMETTM Mode I 805MP, y^yzy-X'-lf'^Ji 
>7"-<:7-f->^ (Fisher Scientific) [ 3^ m ^ > ly =^ 7 M \:f y y 

- <fFji^} ) izmm^nrz^'^P.mm^mmiyxm^u. mmm'M (phi o . o o . 

;U (Mo d e I M I C-O. B 0. m M M VP FJi I B :^ m ^ ^ pJi ^1 ) rtlClESUT. m 
M-^b^M7JcSgl^fiJ^;^:^T•p/::o P. ^ 0 - (D it :k n ^ X ^ mm iZ } 5 0 0 rmpOEIcil 

mizx ^ mm. -^cd^soo r pmicT4^6i?To>^o mvi^^ (Dis^mit . mmti ^i^m u 

T;flJS:U. lafeilig^^l 500 r pm<^^lC33"C, 800 r pm(DB$lC28°CT*ofc 40 

o 

[ 0 0 4 1 ] 

<S«^b^6*I7kgi^^l^, > y K/1t-^^^> (B a r n s t e a d/Th e r 

m o I y n e ) [ 7|t H 7 :i- m ^ (Dubuque) »r 18 0) y\ > K v x - 

y^i>>(hand shaker machine) Model M37615^{^fflL 
X . 2 5 0mL(OHDPEffirtTBi*:$^a7k<t^tlC4lHUjir#LT, Hffl*;3fe)*U/S:m.. 
4 5 0 0 r p m T 3 0 fel S /L^ 5J gt ( I nduc t i on Drive Cen t r i f uge, Mo d e I J 2 - 
2 1M. ^ y ^ > (Beckman) > 7. b Ji^ > b itl 7|til:*U:7:i-JU— 7jW7 
^ - h > ( F u I I e r ton) tt] 1^ ) * ?t o ;3t ;^ L @ *i * 7 0 ^ <3[) i*| T 2 
4B$PBT$£JKU(ISOTEMPTM!ltp. Model230G. 7^u/->-\'--tt'rx>7"-f 50 
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y ^ y m) . m Vi: ux m iz u fzo 

[ 0 0 4 2 ] 

. :z (D Wi & - H /K p ^ 0 , 2 M (D :l > > - 0 A 7hm iz mm $ -tt tz o i^x 

>M7>^— r>A7jc;S;«IS. 2 0 0mL(?5^'5;^S!lt?:)t'->3-rtlCfelNT. m^(0<P li> 
m iUmm s 7 Jl \^ V y ^ (a I d r i ch) I ^ m O ^ :^ Zi > y m ^ 0 ^ - ^ -fA 
ffi] m) 3. 8 4 3 g*^g7KlOOmLlCjgM$1±;t^. 7>^-7*>g-«:&»Sl>o<U 
iP ^ T 18 U ;t 0 p H 8 - 1 0 X $> -D rco (Oik. ^ R Jt^ (D 7\^^ it o a ^ ^ tJ 

Mg-HApl. OgS:, \zmm-^ tz o V^:t-u/h::^^^-5^ffifflUT12B?H 

< JI J$ L T . 7}c M V >>' i> ^7 A ^ >g M ^ i± ^ o CD i* . «1J iiE CD ^ S 7k ;5t . S 5^ gt 

[ 0 0 4 3 ] 

S*fit||Z7feR/S(D7kK<bV^;^ixC7A$#S-r. J^l 0SM%C7)-7^':^>''5AS$*U. 

-Z? S * fit] (C ^7' i> A S CD ± SB -f K P + v 7 ^ -f h^l-mmn<0 Jl'y 0 A-< 

> i S ^ ^ tl T t\ ^ , J* *@ <1 ^ ^ M g - H A p X?^ . X 0 J/t . 17 - 'J X ^ ^ 

^^m^ft. mmmiim. j; ^ w ic x « is s n ;t o 

[ 0 0 4 4 ] 

i)!lM3ti4SL(Cj:-:>T, Mg-HAp<DtaS5JiEli**)l 3 0- 2 1 OOnm. tbaSfBli**! 

1 2 9 / & X ^ ^ :z t tl^6i ti^ ^) . UmWX S> ^ Z. ttl^yr^^ ntzo ^^SiS^SifStSftli 

. :^y■y--^xc^)Mg-HApgS(D:sm*^«^ilsu;^• 

^ 'J 2 Ca,Mg3 (PO.) 6 (OH) 2(DltM^b^fi^7k^^^o 
[ 0 0 4 5 ] 

JS/^:^i^^M<tuT. ca (oh) . Mg (oh)^, is ^nmW(o (nh.) ,h p o , { 

. Mg-HAp^^^U;to S?7)(C. 5 0 0mL;^f5::^iyt'-:^-rt(CfctNT. fs/i ^ :^ > 
7k 350mL4'lC:Ca(OH)2l9. 150g*5cfcl/Mg (OH) 26. 7 17g<DS» 
it:>g-&i^X?^#$n'2>?J;^;g^ll^U/zo ^OT. I^t'-;b-p^lc, (NH.) 2HPO. 
«»5K2 9. 0 2 8 g$:«>:p< UJja;^T. V^'^'-U/ hJi^tS'-^^lSfflUT*^! O^j^H — 
IC ?4 < it r# U /c o S «G <D X 5 U - ^ CD ( C a + M g ) / P CD ^ ;U tb s 1 . 6 7 T * o 

« ^ js M ic la iR s n fc 7k «: sfe M a ii'j s ;S T' fflij s: u T . b m t f « ^b ^ s is a * $t J$ u 

7to:^^U— COpHI^, /jNi2pHIt(ACCUMETTM Model 805MP.:7 
-f^yvi'— ■y--fX>7^W':7^-/t^ (Fisher Scientific) [*B^>>' 
- 7 W b: /t - ?;t :EE ] ) IC ^ $ n >t ^ X H *1 ^ ffl U T ^ L , m ;S ( 

pHio. 00. y ^ y ^ --^ ^ :r.>^ ^ y ^ y ^) icglUTRjEU;t$g^. **}io. 

2 X -o Tz o 
[ 0 0 4 6 ] 

y. U - >^;uaix7^-i':^-fc<fcUJv^;i/=i — 7 u >:^'^?r^in*^}gt)cUycllitM*j|^^ 

cos;u (Mode I M I c-0. m^m^mY^fJii B^iim^ifBF^Tffi] ) rticiesur 

, «^1«<b^&*)7kSi^^^?Tofcc X^»J-CDJg^li:^affT. S*;)fZl 500 rmpCDS 
KiSSlCT 1 B$Pb1, -^-cDiSS 0 0 r pm|CT4^Hi7-=>fco jS»4'(DSSliSiSS4*ffiffl 
UT;|iJS:L/, lEllEii]g;OM 5 0 0 rpm(DB$lC3 3°C, 8 0 0 rpm(DB#|C2 8t:Tfet) 
fzo «fi£-fb^6^7kg?i^j3c^. /^->X-7^*>K/1t-t5-f> [*ll7-<?l-7 « 5=^ a y F/f 
ffi]lJcD>'\>K>'x-:^Vv>Model M3761 5^ffifflL/T. 2-'6*CD250 
mL<DHDPE}ffirtT@f**^S7Ki:^tlC2~6Isl!3ir#LT, Bffl^JJtJ^Ufc*, 450 
0 r p rr\X 3 0 Pb^ iS '6 5J ESt (Induction Drive Centrifuge, Model J2~21M 

. ^ V if ^ > > y. h )v ^ > I9^m:h y ^ )i =,7 my - \^ is ) ^ ^7 o 

e 

[ 0 0 4 7 ] 

;5t>^L/z@*B^:7 0'CCOiprtT'2 4^FBll^:^U (i SOTEMPTMi?. Mode I 2 3 
OG. 7>r^>S/-V--y-^X>7^-<7-<'>i:7ii) , B5*LT«a*lCLrCo -^^L/zMg-H 
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*«:0. 2 M (D Ji > US 7 > ^ 0 A7hmi&^ izm S ^ ft . >>x>K7>^-^?A7K;"S 

2 5 OmL(7:)^'^;^i!icot' — :b-rtictet\T. H<*<7)^X>K (K^ffl. 7;uKU 

(A I dr i ch) [ m ^ ^ ^ > > i^W ^ 0 ^ - ^ - fH ^] Wl) 3. 84 3g 

(ilOT$»t)>i:c -^-Oi*. :*SiSc^Mg (OH)2$:^t;Mg-HApl. Og^, ;§>g 
^3 ic il S $ -y: o ^ 4^ V h ^ - -5 * ie ffl U T 2 '4 B# FpI < U X . M g ( O H ) J 

[ 0 0 4 8 ] 

4#?a:Mga:.l 5Ba%, taSi^ie: 250-4500nm, ttSBffi: 1 1 Sm'^/ 

g 

mmm ) ^ . 7X o n *:> y ic 2 - a y - ;u. ( c ^ h , o h . t :^ h P X,- m Chi s to I 
ogical grade) , 7 -f •> v - 1*- -f x X'?^ ^ 37 ^i- ^ 1!^ )^ ffl T Jig U il b 

, s ^ IS , m ic «s M ^ 6*) T- o /t . h IS mm^^^ <*.7 "c: ' m g --..h. a p.-oo 

fiE •* IB P $ ti -3 fc . C © C <t (* , Ji/^ < <t" "b, — p (O ^ ;t > ill *^ 7jc iS 14 T. ^),. U . o T 
S*&itaH© — o*iSfiSSii--2>c:iicJ; U^fiKJg jc lit il a*i iz m S 7}c,14 -J* # 

P 7jc J» Sfe # « g «. -5 C <t $ ^ K -r -5 t) OD. T » -5 . ■ . 

[ 0 0 4 9 ] \ 

C (0 ct 5 IC, * a 0^ (d: g :^ ;S: 5^ t^ -< X T V i« fiS S M g H a p ^.(D:m:± ^pI m 
/cC ffi =3 :^ h O il^ ;S net -r -2) o ml idi HJS 0IJ fc <fc $ U tv|| sg-.s^jj:, co. fft it^ i;^^ 
P^«:fg2RJg|c^«$n-5<t5 iCPS^fSfe <7) T l^/j: <\ -I^'J <!: L> T ?i ^ ^ ti ^ T ^ 

o saicsMsn-sx-ft^px?^, ±i^(Dmmi(D^sk<D^m:i6jzzfm ^ to -t^.^x^vt^ * ^ ic 
5ii^-5*f|p^x^&ift«t'rsc<t;a:<?ijffl$ ni# -So' c n ^ CD i . *'fg W:^ g ^ ct ^ 



■» 

4 

( 12 ) JP 2004-532172 A 2004. 10.21 



IJ2)iNTl-JtNAllO,SAL APPUCaTIOK MmUSHlin UNI>£ll THCriCrCKTCOtil-CRAnON'TIII^TyfPfn) 



(i9) World JnttlUciuftll'ropeity OrpinixatiOA 
iMeffniicmnl SoitM 

(43) lulcmsttoul f'DMicjititto I>«l« 
12 S«:|>(«fiibrr 2IK)2 112.09.2002} 




PCT 



0*1] loftmotionnlPoijIIraikrn Niiiutwr 

WO 02/069986 Al 



(M) IttMTBAtiOMal PmeiriClAitirirAitoit': 



A61K3.V42 



00 
On 

O 



(31) l«l«»aiiri«nalA|>pUemiiM>N«HibOT: PO'/tlSOaMMM 
(22) lalvrMMlDtialflttaKlldm S Mvrii 3lM!C (USAUfXC) 

(25) Ffliat l«a)t««c: Gi^jfibh 

(26) PwWicAH»n t*mg)»»^ Ibi^Kih 

(M>) rrWfly Ihilii: 

ir^W. I r7 ^: M«crf» 2a) j lUjjOIOdOJ ) US 

(lid) Rcl*M«l tty rimiiniMuihii (CCIK) «r evHtliimf liH*-l».pan 
(OP) In mHitr Aitplltatlait: 

Flkd w « Much 3001 106.0.1.»)01) 

(71) AftpMcmnU 0cr til! tb<ijgtMtf^ Siao- exiicfr llS)i UVT- 
CEHS, TMC STATE HNrv'i:itSlT\' rWSftJSI: OW 
Qocsns. SnsKnn Sirol. Nw Ttromwkk, KJ OSSO) Clttl 
CTHICOM. INC. I USAiSi: Kom 32 P-U tf M ISJ. 
N<tim9rai1lG. Ki tJMTC (1 U). 

r72) lavflBtmiaMl 

(?S) lD*tMm4%pjil{caMit (Jiip US IUMA.N. Rk*Md, 

C MXMISJ: 111 M<wm Avamw. Bclfc Me»(l. Nil OKJHI? 
0)S).£IK:HANnK. Woirkth fW/IWl; 240 R,> Huilim. 
Drive «2>1. MtjrJicia Ikifbif, OJl 44*34 (U5>. 5lltiK. 

ley. OH *<i3;i CUS), TCKMUISCN, Krvwr, S- |U»US1. 
«) A Vii«>iririn Wty, (Aftbst, NJ (fKWX) O W). 

(7<) AtenU* RUTOt, IWrn; J, 111 ta. rti ftynncsiwk * 
Lmtwi ixr>. 2600 AbumI Tmms, 1101 MmIci Sum 
mbdBtpliir.. Ka I9t«<«00 iVSf. 

(HI) DcslCoMcd Ssain jnarit/talii AT>, AG. Al^ AM, AT. AU. 
a2, BA. »». BO. B II. D y. tlZ. . a I. CK, CO. Ol. CU. 
CZ. DU. DtK. DM. LC.m. ES. H. GB. Gl3. GR GJl, 
OM. HR. ini, U>. lU IN. IS. JJ\ JUL KO. KT. KR. JKZ- LC. 
I.K, I.R. IX i;r. I.«. I.V. MA. MU Mtf. MK. MN. Mw. 
MX, MZ, Ka r>^, OM, TO. M . RO. XI I, SO. .ST;. 5* 
ST. SH. Sl^ T5. T>.», TK, HI. TT. 12,11*. HQ, 18. Ut 

vN.m:eA.zM.zw. 

(»4) Cniciwini «iain A^f<Mn{>i A]H1>n pumm tm\ CM. 

LS. MW. VIZ. SO, $1- 5Z. TZ. 1X3. ZM. ZVl 
tftmrian pmem (AM, AZ. MY. KU. KZ. M D. RU. TJ. 'I'Wi 
livupmn pttMi (Ai: Hit. tM, <;v, IJti tMi. IjS, i1, I**. 

(in. OH. iiv n; ta, tM\, nj, n\ sti. ^mw i 



(Ml*. MJ. C:i( Oi, a. CM. OA, (IN. OO. tiW. Ml. 



MR. 



D»cl»nitbn «»dcr Nvl* 4.11: 

Opatrm (Rule 4.fy/jQ)/.v rtK.fi>!lo>rim> aetiffntuinm 4K, 
AG AAt At, AU. AZ ISA. JIB. IfC. UR. KU ttZ CM, 

cti CA'.ra CA cti,a.m.v)c,tM.tiz.EC.Ei:.Es. 
n m, &A ox GIL an. tj«. //u ta il Uf. js.jr.KJi 

KU. KP. IfK KX. I.C. tjr. iJt. IS. LT. I.tt ly. VA. Aff>. ttu, 
MK. W. »tK *A*. IfZ. tiO. .VZ mi. Ptt. rU PT. KO. KU, 

si\ SE. SC. SJ. SK. n ni. tk tiltt.tz, lu. vc. 

U7, I-?.'. W. 2A. 2U ZW,.VUPOv^€M fCH. CM. X£.JJi 
Ml': KJL .V). Si. SX. n. Ua. Z.V. xm. lMn»lmpmn» 

(Ail, AX. HI KO. KZ. m. ea rj. nv. nu<ti«Mi/>am^ 

(AT. HF. at. CY.JiF.t>K./iL f-1. fM. 6«. C?*. JK ft tM 
3K.StLnSKr^ OA^Jftin^ (BF. hi CK CG. CK 
CM. £ui. C*f. GQ. CIK VL Aflt XJi. S/f. TTl TC) 
A' (•* ivv^ltafi/i MHUincnl lu t^'itii'/w end he groulf^ 
tifxaem (*liAt 4.nj7Q)^ fhc /ttturmng Aiu^iwi,\>^ AH, 
AG, At. Aii. AT. Ali. AZ. BA. UK. n*7, BR, Hf. 1)?, C.A. 

CU. c/f. cci. at ca cz hk. im. nz. m. a.£s. 

n CU. CR G£i GJi. CM. UK. t/U, Ui IL. Uf.JS.JUKK 
liii.Kr.M.KZ.iKtJl.Ui.lS,iXLU.U'.taA,*af,Mli. 
MK. AW. Mtf. UK MK ItO.firX. OSt. W. W. FT. m. WjL 

sniSK.SG.6i.si:.s, w m rv. tk. rr. 77, tu. ivj. 
MC w. rm:A.2Mzn:Axu>Ofaicfp tc», cm. axzj; 

Mtli l^G. ZM ZU-}. Limuien f>avM 

(.IH. AX. Jfi: KG. AX A/A 77. TM}. Jiwvfton ftsltw 
(AT. UK Oil (y. ffK UK, KX, «. Hi. OH. iflt. IK IT. t.UL 
MC. .Y/, PT. SK rjli. OAPIpxutw thf. iU. CX CO. CI 
CU CA. C.v. CQ. on: ML ML A'£ S/f. 71X It/I 
«r Id Ifcr ctH^niM/)^ ««iMlnNni> un£aimti*'j^iorlty 9; iff 

jkUnMfl AK Ali..4l.^AV. AT, AU, AX. n4. HO. J»J, ttH, t», 

C4. cn. cv. CO. at CU ex. f}K. hk. du. oz a- 

ECOinClL CU. CL CH. CU UK itU. ID. Jl, A'. 

IS Jn XE. i:a Kp. Kx. JOL jjc. uc ut. ts IT. nx ij'. 

JAl A/i>. .VCf. *£A. MX. Mir. M.\. MX. M), XZ. OM. PH. 

PK rr, IK}, ntx SIX SK .vo. St. SK, rj. TM. iv, rtt. 

TTTZ UA.IXLU7, >7V. }H 7.4. 7.M. XW. AKlPOptafte 
tCJi OM. AC Z£ JMZ, iD. jrA.5Z 7Z U7, 2U ZtTj. 
emeriemfMtNl Cm. Jtr. KG: Mtf. KU. TJL TUjl 
JSMftpampateHl^ati CU. CL' t>E. LVi. ES. *% Off. 

GKfKo: m Mt:, pi:sk rm, <MPtpe»m (»*•: nj, 

CXCG.ClCUGA.<fit.GO.CIi:M.. tan. KKSS'. TTX 

rcf 

aslv/lw ei)fiiSiMWt!MUd^imutl 40 cUtimtlK priority qftkf. 
t^k-rt^yliCM'tm (IMe 4.t}(Siy//ortiie/,Atiit^in(t 

rAK Ad. Al^ AM. AT. AH AK OA. Oil. 9tl M. m. 

lCmiMit«it4m nmftagtj 



^i-KtOmx MA^jraiSIUM.Silliyj-nilUDHVl'WOXVAIVUniS 



( 13 ) 



WO 02/069986 Al I WIUMMIIillilHIMnilliailimiiM BI 



flx, CtL uj. ca ui. tui (7. o£. ijjc aw. iu: £c: 
tji tSL n UP. an w; oi*. uu. ha »u «x m. k. 

« jr. *,K KG. KP. K». KZ IjC tX, IJt. IX tX U; l,*f 

>i4. M\ MJ. A/Jc MS. xm: m; mz wa az aw. p/t 
r/. rr kk /ju .^e ac, .u: rjc m tx 

17; 77. Uf. W. 07. »:*•. I ti Ztt ^tij AK/rOfs^ 

finti «H *rK i-t n/, sa jk. ik:. zh zw-/. 
A»»tij*4/Mrw r<<«/. nr. kq kiL xm. mi rj. mx 

rjmit)»att)»aff»tUT. CJI, CV. HCltK. SS. F/.riL CA 

CR. JL/r.tVi MC. >v» rr sr. m. ai;7/u<c«c mr. 
o. cu. a. CAt. 04. ii.<. «(> air. ml h% sy. tu 
It,; 



( 14 ) 



1 

MAGNESIUM-SUfiSnrUXED JIYDROXYAPATITBS 

BACKGROUND OP IHE INVENTION 

Hie pi-e^ent invention relirtcs m methods for inasnesiucn subslhution of uyctalline 
hyitoxyhpetUes that p/ovide beretofbrc unobtunod levels of masnesium incorporaiioj) into the 
hydroxyapatKe lattice structuie. The prosod invemkm also relates to pbase-pura mugnjeaiuin. 
substituted crystattme iQ^oxyapatiiesobtaiiied tho^y. 

nydroxyvpnlilc OSAp, cheouca] forauda Ca,B<P0j4(0HCfe) hss«tti«cted the aittauinn of 
rcaoarcbers over tbc put thiTly yean as an implaiti material becatuse of ita cacceOcnt biocompatibflity 
and Uoactivity. HAp baa been extensively iiaed in modicme fer implant febrication. It is commonly 
the material of choioe for the AibticatiOA of dense and porous bioocnurocs. Its seneral uscii include 
biocompatible phase-r<3nforcement b composites, coalings on metal impjanis «md firanular fill for 
direct incorporation into human tissue^ Jt 1ms also been extensively invesiigatcd for non^medical 
applicaiionB such as a paclang matoriBl/lwpport for column chromatofiraphy. gas taaton and 
caialysts, bb a host material for lawrs, and as a plant gFcnvih lubstnte. AH propenics ofHAp^ 
indodiruj bjoadivhy, biocompatibility, iohtbility and adaoiption properties can be tailored whhin a 
wide range by eontrolliiv qu&Htativefy and quantitatively the lona substituted fi»r CB»^ PC * and Olt 
in tfae BA|> lattice scnicture. 

Magnesittm has been known as one oFihe cationic substilutcs Jbr caldtun in the ] JAp lattice 
stnicture. Magnestum-subsiltuted HAp can be ogireaaed by the stmpTified chemical ibrmola: 

Ca,^,M&<PO,X(OH), 
MnOt x/lO r^etenliog alom*perceat sehsthuticm ofmagncsnum Ions for calchnn ions. 

Magnesium is also one of the ptedominant substitutes for calcium in biological apatiies. 
Enamel, dentin, end bone contain reapcctivcly 0.44 wi%^ 1JL3 vl% and 0,72 wt% magnesium. 
Accordingly, magneidum-subBlitutedHAp materials (Nig-HAp) are expected to have escelient 
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btocompttibility and pTOfMiites thai can be Avcuibly oonqured with those of hani lissue. U.S. 
Palem No. 6.027,742 end WO 0003747. for example, disdoac ihe u«c of Mfi-HAp as boiie 
substitutes and for dental ai^cation^ rcspocthrdy. 

Increaatng conoamraUon of Xf G in HAp bas the foUowins cfleeis on Jta propenicf : (a) gradual 
decrease in oyjlaniniiy, (b) increase HPO^ inuoiporarioTv wid (c) ine«ase in extern of diisoJmion. 
Kdagncsiuin is closely asAoeaoted vAth nuneraUMtion of calcified tissues, and indirectly influences 
mincr»l metuboBsm. It hat been suggested that roagneshim directly stimubtes oncoWajt pTolifcrmlion 
with an cITcct compamblo to that of insulin (a known growth factor for osteoblast). Thus, it becomes 
possible to tailor the pfaysicochfintical propentes of HAp^ as weO as ita biooonipatifaofity end 
btoactivity, by cnmroili^g the Mg tiibstitmion of the HAp laitice structure. 

Because the optimum amounts of ntagnesiuin in artificaal HAp cerwntcs can vary vvSth 
riiflerent applications, the capabilHy to control precise^ the amoums of masnesiuni in HAp io the 
VMdest poisSiIe raAge by controlling the synthesis proceduiv is of primary imponaiice. Mg-HAp 
powdera have been prepared by precipitation and hydrob'ss methods wiih the rcplaccmcm of calcium 
by magnesjum limited to no more then 0 J 

Bigi ei qU J Inpivt. Biftghgm. ^ 69-7S(1993) tHscluHcd the synthesis of crystalline Mg-IJAp 
powders with up to about 30 aiom-pcrccnt (abcul 7.5 wt%> of inasneaium under hydrotbtfmal 
conditions at UOX. Above this kvd of magnesiuni substhution the product to reported to be 
completely amoiphous. At most. 7 aiojn-percem (about 1.7 wiS) of magncsum ions were rq>orted 
to bo capable of substitution for c^um is the HAp laidoe strueture. 

A. need exists ibr oystaUine Mg-HAp powden with « higher snagiiftiium cottem, a higher 
degree of magnenum-suhstitution in the BAp Jaitice atiuoturo. as wcO as a aimpJe and faiexpensive . 
lyntbesis of Mg«HAp. 



SUMS4AKY Of THE INVETmON 
TWs need is nm by the present invention. It bas now been discovered that fajiirid : 
niechanochcmical-4iydroihGm)aI i:ynlfaesis tedmiqucs may be employed to produce mc^e^im- 
Bubstttuted HAp with not onty hereiofore unobtained magnesium levels, but also with levels of • 
magnesium jiicor7>orBlion into the HAp lattice structure that was not believed possible until now. 

Mechanocltetnicsl powder syitlhc.<d8 is a sdUd^state j|>nthesis method that takes advantage of 
the perturbation of surface-^Kmded ^peduBs by pressure to csihnnce thorn 
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reactions bc1v««n solids. Pressure can be applied at room icmperBturc by iniUmg eqiiipmenl rang^nf 
I'rom Io>v«encrgy ball nu]\h to high-energy stirred inSls. The mum Bdvantiigcs of the xnechftnochcmica] 
synthesis of ceramic powdere are nmpliuly and low cost. Therefore, a vtuidy of cbomic&i 
compounds birve been thready prepared by this technique^ for example CaSX3>)» FbTiO,, «ad 
0.9Pb^lS^hn%9)Of-0.m>TiOj, etc Since the jnechanocbenricd synthtsis involves wiy solid-stnic 
rcactioru^ h is dearly tfodofi^Adtcd from the mecSianodiemical-faydrcrtliennal synthesb (aomelinws 
called "wet^ jiiechanochemicaO, wiiich takes advantage of tbc presence of an aqueous solution !o the 
systcni. An aqueous solulion can actively participftic in the modianodiemical reaction by 
accdcraiion of dissolution, difibsion, adsorption, reaction rate and crj'Slalfization (nudeatton and 
growth). The mcchanocbcnilca) activiuion of slurries can generate local zones of hi^h leniperaiures 
(up to 45O'-700*C) and high pressure due to friction effects and adieluttic heating of £as bubbles 0^ 
present in the tiuny), while the overaO teinpersturc h do.<;c tn the room lempemiurc. 

The mcchanochemical'liydrotheroiid technique is thus located at the interBcciion of 
l^ydrotbennal and niechanot^icaittcal procesons. The medumochenoical-liydrothennalnnite produces 
cooqnrable amounts of powder as the hydrolbenna] procesnqg but ii icqtnres lower 
tempenturc^ i.e^ room tMopenture. u compared to typically 90-200*C Un the topdrolhennal 
processing. VtAapt the Inggest advantage of the room-tanperature nedianodienncal-hydroihcroial 
proces^ng ii ttiat there is no need for a pressure vesse] and no need lo heal the reaction mbctmn. Tbt 
Teadkn is tfaits conducted cither as a oomnrinuiing or stinred tank fcacttoo process. 

Therefore, accordinf to one aspect of the present invention, a stable, phase-pure magrusiunnr 
substituted ciystallmc faydroxyspatite is provided containing from about 2.0 to about 29 wi% 

wherein at least 75 wt^ of the jnagncsitnn content b substituted for calcium ions in the 
bydroxyapatiie lattice stracture. The Mg'HAp of the presem invention fomis as crystal 
agglomerates. The presem invention therefore also includes particSes of the Mg*!!^ of the present 
invention haMi^ a parttde rise between about Snun and about 100 microns. 

The hi^ masne^um content and high desree of ni4gneslum a t& slitn t iD n in iheBAp lattice 
structure is attributable to the conduned use of mechanochenueal and bydrotbermal process steps. 
Therefore, according to anodier aspect of the present tnvemion. a method Ibr the prqurationofMe- 
HAp is pro^Med, "wlkh indudes the t/bep of mcchanocheoucally reactiqg in a suochiometiic ratio 
aelecled to prox^de a predetenmned level of magnesium subatituiSonk a source oTcaldum loni^ a 
source of magncduro ions;, a source of phosphate jons and a source <^liydf<»cideioni^ at least one erf* 
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which U taiuhh m waicr. in ad aqueous rencliiui medium luitU Mg-HAp is formed. One mnerial nay 
serve AS u multiple ion sourca For exampk^ roegnesiim) l^droxide may be employed ss a source of 
boih magDesium md faydrovde ton^ or caknim Iiydrogeo phosphate may be employed as a Fourcc of 
calcium and idiosphato ions. 

The pFefeircd source of phofiphaic Jons is diairaDOoium tiydrogcn pbosphaie. \rfijcb is highly 
waler sohible. Uydrcnddes of calcium and magnesitjoj are prricrTcd iourccs of these two catiom: 
With maenesium hydroxide, « higher ieveb of magnesium substitinion, \inreaclcd maencsiirai 
hydroxide should be rcnjovcd. preferably by Ts-ashing the Mg-IlAp in ammonium citrate aqueous 
sohJiion so that the unreacted magnesium hydroxide preferentially dissolves therein. 

The ammonium citrate washing step represenu a no\<d approach to increaxir^ the levd of 
h)'droxyapaiite lattice - incorporated magneshim relative to the voni masneshim comeot, as wdl as 
relative to the latcice-incorpomled catdum. Therefore^ aoeordinfi to aoother aspect of the present 
invention^ o method is proivided for increanng the masnesiora content m the lattice niocturc of 
magnesiun-Aibstitutcd ciystoIUnc feo'droxiyapaiite relative io the calcium content oflhc lattice 
stnicture and to the non-laltke ma^enum oontem, bi which the masnestum-subsiiuited 
hydroxynpatite is washed wsib an aqueoos ammonium citrate rolution. 

■fhc Mg-HAp oflhc prc«ent invention owe closely resembles biolosical apathe* than 
coDventional liAp ceramics. Therefore, according to another aspect of the prtscxA invcmion there b ■ 
provided a biocompatible hard tissue implam comainins Ac Mfi-HAp of the prcsem invauton. For 
example, malal or polymeric hard tissue implants may be created that are coated with the Mfi-BAp of • 
the presem mventioi^ as well as implants thst are fbrmed from metal or polymeric Ms-BAp 
composite materials. The prescm iovottioo also faichides a gramilar fifl ibr direct mcmporalion i^^ 
human or anintal tsssuea oontaimng the Ms-HAp of the prcsem mventioi^ as wcO as dentifrice 
compositions, sutdi as toothpaste, metal or polymeric oninpoaites for fiUtnts dental cmntie^ and bone 
cements oontainii^ the Mg-HAp of the piesenl invention. 

The eosy to ooouol aunchiometiy make* the Mg-tXAp of the pxcseni invention ideal for use as 
a packing malcrf al for chromatography eolumos and gas aenaors, as well as a support for cata>ytic 
materials or a plam growth aubatnne. Sioicluoroaric optimization can prm'ide the end use proponics 
needed for ead) end-use application. 

Tlicrefore, acconTms^y to aoother aspect of the present invemion, there is pnmded a packing 
material for use in a chromatography column or gas sensor, or ai n support for a catalytic materia^ 
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contahni^ the Mg-HAp of ihe present inveniinn. The presenl iDveolioa also provides host materials 
far luironescent appUcslions oomahiing the M^-HAp of the present 'iovcmi<m, as wdl as plant growth 
sub&tititev contairang the Mg-HAp of ihc present invention. 

Tkt ptcaem invention thus proves a means by which levels of roagneaus] substitution in 
HAp fluty be comroDed by changing the ratio of caidum and JoagncBum ions in the source materials 
to tailor ate end-product to speoftc end^tnc appKcattons. The for^oins on^ cb^cn, feature^ 
end advantages of tlie proscnr invention are nsore readily appareiM from the detailed description of the 
preAsred embodiments act fmh bdow. 



DETAILED DESCRIPnON OF THE PI0EFEB3UED Eh4D0DXMBNTS 
The ma^inesittm-mibsiituted hydroxyapalttes of the present invention are prepared by a 

combined mcchBnodicmicaUhydrcihenniU process. A source of magncaum ions, a source of calciun) 

ions, B source of phosphate ions and s source of hydroxide ions are mechanocfaeoiically reacted in an 

aqueous reaction medium. At least one ion source is water-soluble. 

7or purposex of the present invention, "water-soluble" ion sources are defined as heins 

malcriab; having a acdubifity b water of ai least about 2.0 g/L. A sohabiliQr gnaier than about 20 g/X. 

is prcfemd. 

Examples of mafiioesnmi ion souiecs faidude magnesium S^droeddc^ magneshun catbonate, 
imsTtemun acetate;, majniedum h^Sdes. jnagxteMum oxide» magnesnim wtrate^ magnesium phosphate^ 
and the Eke. Magnesium liydrmdde b prcferied. Simiholy, cxan^des of calcium }on aonrcea tnchidc 
ealchim hydroxide, calehim carbonUe, caidum acetate, calcium halides; caloQtn caddc^ caldiun 
nimic, cdcwm phosj)lmte, and Ibe ince. Caidum hydroxide is prcforcd. 

Exani|de$ of phosphate ion sources include anunonium phosphaies, caidum phosphates, 
magnesaum phosphates. Croup 1 phosphates such as potassium and sodium pliosphate.% and the like. 
A water-sohible phosphate ion source is preferred, "with dtammontum hydn^to phosphate being 
particularly preferred. 

Hydroxide ion soorces include hydroTcide-contaimqg compounds such as ammoitium 
hydnnid^ calcium hydroxide, magReaiuro hydnnude, ao(&im h y d roxide^ potassium hydroxide, and 
the likcv arid corngpounds that generate hydroxide ion in aqueous aoliitioiv such as ammonia, caidum. 
oxide^ magnenura oxides and the liica 
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X>epGndins upon the cnd-vfc appUcniion. other ion sources may be included as well, of o 
quaHiy and quimuy thai do noi disnipi the hytresyApaxiut btiice stnicture. Thus, quamhtes of 
source nisierials may be cmpJoyed that introduce up to sboul 2SwtH into the Mg-HAp Uuice 
stniduie, dependmg upon the ions, of one ox more caiioiu. for example, sodium, Jithium. barium, 
siromiun^ anc, cadmium. lead, vanadium. fiUicon. germanium, iron, or^ic, mansimcsc, aiunununiw 
rare canh clemeirtB, cobalt, silver, chromium, amimon)-. and ihe liVc or one or more oniona^ for 
example, cnrbooate, baJidcs, asyscn. sulftir and ihe Ukc Suitable additional ion sources and 
appropriaie quantities thereof arc readily determined by those of ofdinaiy skill b the an ^thout 
undue ccperimcnt8tioT>. 

Preferably, at least one ion source is ^ter^iisnluble or reads to form an insoluUo apatila ' 
phase precursor. TWs provides a substrate medium ibr the appillcaiion of mechanochendoal Ibrcc at 
the same time that Ihe bydrodiarmal process steps am bdr^ carried out. 

Sidcldomeiric quantities of the ion sources are employed, seJocted to provide ihc dcsireci 
ratio of individual HAp lattice componcnta, especially the niUo of catduoi to mafinesiuni and the 
ration cations oecupyins the calcium sites to phosphorous. Waier-soh»blc ion Bources are disaohosd 
in Ihe aqueous reaction mcdiunv wtb a shjrty bdng formed of the non. water-soluble ion sources. 
The preferred aqueous medium is essentially pure distilled waua; that more preferably has been 
dcionizcd awJ/or demineralizcd. Up lo about 40 wt% of dte combined amounts ofthe ion souros 
may be added to the aqueous reactton mediun^ «ta tcmperatitre mahnained between about 8 and 
as-C, and preferab^ between about 25 and about 35«C. unlO Ms-HAp is formed. EKtemal sources 
of heal arc not needed, ■with sufBtient heat being supph'ed by nullitis IKctioo. Imtood. cpdenml 
. cooltztg may be needed because the noolecular actmition ofthe ahiiry can ficncrate bical xones of Ingh 
tempcfature <up to 450-70(rC) and corre^iondiitg pressuFos due to fiictioa and adiabatic heating of 
gas bidddes. 

Wth stining of <he aqueous shinysolution, the ion sources are mechanocbenucany reacted, 
typcally by the application of physical Ibrce to the ft-atcr-insolublc ioo sources or ioioluble apaiite 
precursors that arc suspended as a aluny in the aqueous reaction medium conlainina tlic water- 
soluble ion sources. Preferred mecbanochcmical reaction processes comminute the ion soui«s slurry 
panicles, preferably by millixig or griiwJing the water imobbic ion source panicles with heating ofthe 
aqueous reaction medium into which the %vater-solubie ioo source has been cfissolved. Picfbrred 
methods ax the same time fiidionally heat tlje aqueous reaction n>qdium/ii1uny while the duny ' 



( 20 ) 



JP 2004-532172 A 2004.10.21 



7 

pailjdc$ are being inSled or ground, so that the nwcbsnochenucal ud IrytJrotbemui] proceu step v« 
pcrfimned timulteneouieiy. 

Multi*ring media n^b are preferred. The grindtng mechanism consists of a central rotating 
suiinlcss stBtJ ihafli, which drives a phiraljiy of nainlcBs fled SMb-fthaiU (sleeve-Iinod vnth mcom»- 
toughcned alununa) thai art cmincctcd S}*nimetrical}y to tJie central shaft. Bach sub-shaft ccmtains a 
plurality of stacked aareonlfl rings, which rotate eccentricslly around each sub-shaft. When ihe central 
jihaft is rotating, the aroonia rin^ on the sub>shaAs are moved by the centrifligai force radially 
OQiwvds. applytoit force on Ifae inna wall of the miUinf vcHd, 'wMcb b cerenuc lined. S<^ riuny 
paniclos located between the rotating rings ond the liner waO are conscqucDtlly ccuimiinirtod. 

The conintiinuttog stq> fe perfbrmod as rotation speeds between 800 and 1 SOD r.p jn. (for the 
ouilti-ring jnedia 11^ or higher ibr lugher soSd content slunies Ibr at least I hour, and iwefcrddy 
frcHB betKveoi about 1 and about 10 hours, with the temperature of the aqueous slurry maintained 
between about 25 and about aS^C for the duration. The jolid phare is then rc«>vered and v^^axbed 
with distilled water, preferably repeatedly. The solid jriiase ir then once asain isolated and excess 
water is removed, preferably by first centri&ging the mstoria) Allowed by oven drjing at a 
temperalUTc between about 40 and 200*C. Lyophilizatioo may also be employed to remove excess 
wctcr. Ifdenrcd, dr>' grinding may be perfomed to reduce the powder particle size. 

The nvemive method sdvantajpeous^ cmpl<^ coviioraneffially bet^lgn ion aources m an 
aqueous reaction medham at mDd lempeniturea. The devated temperatures assodated vrilh prior an 
calcination processes nre therel»y ivoidedL 

When an of the ion sources are water-aoluble a sohition-p^iase reaction is first perfonned, 
foUowed fay heating to drive affxhe aqueous jrfnse to recover a powder material tiui is ndBed vASIc 
wet throit^ to dryness to complete the mecbaaodienncal reacUon. However, a stuny-based reaction 
is pseferred fai whidi one of Uie ion sources is water-insoluble. Or two water-sohibJe material may be 
employed that form an bsotuble apatite precursor that is then nulled virile wet through to dryntats to 
complete the mcchanocfacnscol reaction. IJ^dcr certain orcumstances ondc:rstood by those skilled in 
the art, Mg-HAp's of present invention may be produced solely by dry milling. 

Wth i^nlcr^iDsohible mngnesum ion sources, such as magne^tmi hydroxide^ nngnestum 
oxide> magnesium phosphates, nnd the likc^ for h^ho levels of magnesium substitution, unrcaoed 
quamities of the mt^gneshiro Jem source will remt^ tbsx have to be removed by selective wa^ng of 
the Mg-HAp. In a particularly prcfbied cmbodimefli, the Mg-HAp is waihed whh cjranonhim cHrate 
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•qucQut &<^ution, imo which the unrcacted magnesiufn ton rource will prcferenti&Uy dissolve. Alter 
this wttshing ciq>, ilie punficd Mg-HAp is wastied, prcTenihly i cpeaicd)y, witb distilled water and 
then dried. 

)a a preTened prooedure Ms^iAp powdm are pr^rcd by suapcnding a mixture of caldum 
hydiomdc and mofinesiiiin liydnnide p o w d cra In wster and subiscquently adding a aohiUe 
diammonium hydrogen phos|iIiate powder, quantities n roqtnrcd noiduometiy. The 
inecl»aoi3tciracaVhydrothenna] lyniliens it then performed by placing the slurry into a multi-rii^ 
media mill ond then grinding the 5luny. Tbt rexuiting powder is washed using water to renrave 
soluble sails vAih an ammonium citrate aqueous solution n'ashing step performed first for reactions 
employing higher |(rv>dx of magncsiimi substilutioa. Followii>ji the wolcr washing, the Mg-HAp is 
then dried. 

The invemive mctbod provides crystalline Mg-UAp powders in which al least 
75 wtH oTihe magnesium contcm is substluted for calcium ions in the iQidmiyapatite lattice 
structure. OyataUtne M8*BAp in ivhtch essentially aD oTilie meipienujn content is substituted for 
calcium ions in the tQFdroxyapaiite lattice structure can he readily obtained without -undue effort 
Aocordtngl^, cubsiitution hsvds between about 80 wf% and 98 wi8i can be readily obtained by the 
ordinarily ^Icd artisan following the teachings of the present specification. 

The oystalUne Mg-HAp will have a magnesium content between about 2.0 and about 29 
wt%, with levels between about 3.5 and about 2S.4 wt% being preferred. Levels beiweeo about 5 
and about 25 wt9i are even more preferred, with a IcvcJ of at least 10 wt% bcijig most preferred. 
The crystalline Mg-HAp of the present lirvcntion forms ciystals a gg lomerates having an approximate 
particles ranging in size between about S nm and about 10 microns. 

The crystalline Mg-HAp of the picaent imrention is use&i] in ih» prq:mraliim of compoimds 
for use as granular fill for dirca incorporation fano the hard tissues of humans or other Dtumals^ and 
as bone implamiAtc materials. The presem invention thus indudes granular flD oompotuids, bone 
implant material^ tooth ^itg conqMunila, bone cemcms and dentifrices containing the Mg-HAp of 
the present invailioa. The prodocts ue foimtdated and prepared by substitutii^ the h^-HAp of the 
presom invention for HAp in oonvemiODal H Ap-faased produolSw The compounds nuy be prepared 
ftom metalBc mid polymeric Mg-HAp composites. 

lite Mg'UAp of the present inveatioo may also be substituted for the UAp in support 
matenals lor gas sensors and chromatography cohmuts. It may also bo substituted for HAp and other 
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support suhalr&Urs and hosts in caialjrtic support^ |>Iint growth gubftratcs and in hort maiexials for 
lumiaescerft spplkmiotu. ThereftiTC. the preysnt invention also indiMlts paddnf maf eriafat for 
c}injnitttos»pby ooltimns and gas sensors, catalytic supports, plont gro>vth jubsustes end host 
jnalerials for himineFcent applications cootainins the N^.IlAp oflhe present invention. 

The following noo-limhinif examples set forth hc/chj below inustratcs ccaain aspects of ihc 
tnvcniion. AD parts and perccntoges arc b>' weight unless otherwise noted and all tempcnturcs are in 
decrees Celsius. Stoit^ometric vahies in IIAp and M£-HAp formulas arc approximate, 

EXAMPLES 

Exuniplc J-Mcchanocbenilcal-J)>tlrotbcniin] synfhciU of Ci^MfoCPO^^OH),. 

Calcium hydroxide magnesiDm hydroxide and solid diammonhim hydrojjen phosphate 
(analytical jgradc, Alfli Acsar. Ward Hill. MA) were used as reacianls for the sj-nihesis of M^j-HAp. 
Pirat, a suspension containing & powder mixture of 22.170 g c*Ictoin hydroxide and 4.557 g 
magnesium hydroxide in 350 mL deionired waicr was prepared inside a 500 ml glass beaker. 
Subsequcniiy, 29.4 1 0 g of dismmomunn hydrogen phosphate powder was sloMy added to the same 
beaker at corortrait N-igorous stirrinfii ushtg a nufinctic stirrer tor about 1 0 minincs. The (Ca + Ms>\P 
moiJar ratio in ifae starting sJurjy was 1 .67. The preieoee of waior adsorbed on alt rcadants was 
inisaaured by ihennopavinwtiy to nalnialo the taiBeted stoichtometiy. Tlio pB of the shin^ was 
about 10 J, measured using a glass dectrode connected to a small pTInneter (ACCUMETn* Model 
SOS MP. Fialier Sdcolillc; Pittsburgh, PA) and cahlinttfd witfa reqwct to a buffer sohition (pH " 
WSXK Ksber SdemlficX The nuKhanocfaemical-hydroihema] ^ntbeds was perfemed by placing 
the sluny imo a laboiatoiy »c8le mm (Model MlC-0,NARAMacWn«y Co., Tokyo, Japan) equipped 
with a xireonift linec and a ziivoma ring grinding mecSa. Grinding of the slurry vvas carried out in air, 
ifUtiaOy at a ratation qteed of 1500 ipni for one hour and then at 800 rpm for four hours. 
Temperature during the grhufing v^-bs intsasurcd usjng a thermocouple and deicnnined to be 33» C at 
] 500 rpm and 28* C ot 800 ipoL 

Washing cf the solid phase afl cr the mechanochemical.}^>dro(hennu] symhests was 
accomplisbod by four cydes of shaking the >oIid vwtb distified water in 250 snL UDPB bottles using a 
band shaker machine Model M37615, Bamsteedmiemo^ Dubuque; Iowa) fbUowod by 
oentii&giqg at 4500 ipm for 30 minutes (Induction DrKe Cemri&tge, Modd J2-31K Bedonan 
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limnimenlSt Pullenon, CA). The ivashod ralid phase rni dzicd in an oven at 70* C for 24 boun 

aSOTEMF™ OvBv Modd 230G Kcber Scientific) and ground into powder. 

The synthesised Mfi-HAp powder contamed e ftvaion of mireacted naenemm )iydroxide. 

Therefore, h was luspended n a 0^ M aonmoaium dmte aqueous Mduiion. Tht ammoraum ciirate 

solutioo was prepared in a 300 mL £]ai»s beaker by diuudvuif s of solid chric eeid (reagent 

gmdc, Aldrich, Milwaukee, WI) in 100 mL of dicHIlcd water end lubsequenily slowly adding 

nmmoTua solution (reagent gradf. Fisher Sdenti&c) to yield a pH between B and 10. J .0 g of the Mg- 

HAp comaintng unrcectcd magocsium hydroxide was then suspended in the solution. The dUsolution 

of the roagnejriun) b>'droxide was accoiig>ltshed under & vigofous siinii^ usiqg a nu>snetic stirrer for 

12 hours, ailer which the piior distilled water ivashii^ ceolrifos^ dr^ng steps were rq)eBted. 

■ Phase pure ciystalline'Mg>iiAp cueniiaUy free of niireaoed mesn^m liydroxide and having 

e ma^ne^m conienl of approidniately 1 0 wtH in which essentially all of the roMffuxum content was 

substituted for ealduni ions in the hydmxyapaihe lattice structure was confinned by x-ray defiaciion^ 

Pourier Tnmsfbnn Xnfia-R«d spectrosoopy, thennosravjniebic analysis end chenueal aiiaivAs. 

Oynamic 1!^ ecatterins revealed the patlicle size di.%uibution oftbe Mjg-UAp to be between 

about 130 and about 2100 nro with a speciOc sur^ce ares of about 129 mVg, ijulicntins 

agglomcratioiL Scanning aectronA£cro9Copyconftrmeda£(;lonienitcs of nanosiMd Mfi-HAp 
aystsis. 



i ■ 
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ExRinpIc2 - McchfiDi»cbeinttal-bydr«thermBl «3'nlbcs{s «f Ca^g;j<PO4}((011}2 

Cii(OH), MG(0H)2 and soKd Qm,)jHPO, (anslyticai grade. Alft Aesar. Ward mi, MA) 
•were used u reactems for the synthesis of Mg-UAp. Ki^t. a suspension comalmns a powdered 
mixlure of 19. 1 SO g Ca(OH>, and 6.7 1 7 g Mjg^OHO, id 3 50 mL of ddoniied vnierxvus prepared 
msidc a 500 mL glass beaker. Subsequently, 29.028 s of (NH,)^©, powder was «Io\vl>« «dded to 
the same beaker bt coiutAni ^o^roui slin-ing using a magnetic sttrr«x fca aboul JO mm. The 
(Ca+Mg)/P molar ratio in ihc staning slurry was J .67. Iht presence of water adsiH'bed on all 
rea^antR iwaa measured by tbenm^;m^eiiy to maintain tlic targeted SK^duoaetries. The pH <rfdie 
Khiny was about 3 0.2. neasurod usirig a glassi electrode conaocted to a pB-meMr (AecometModd 
S05 MP, Fisher Sdeotific. 3>ht^rgh, PA) and caBbraied'wilh respect to a bufler MJmion 
(pEHlCCO, Sdentific). 

The mechanodieniicaf-faydrothennat ji}<nthesis was pofonned by placing Uie Amy into a 
laboratoiy^seale rnSB (modd MIC-O. NAXA Machinery Co., Tokyo. Japan) equipped with a zirconia 
finer and xtrconia ring gHnding media. Grinding of the sluny ^^s carried out in air. initially at a 
rotntion speed of 1500 ipjn for I. b and then at 800 tpro-for 4 h. Temperuurc during the grinding 
was measured uang o tlicrmocouple and was determined to be 33* C at 1 500 rpm and 28* C at 800 
rpm. Washing of the solid phase after the mcchanocheniical-hydrotbcrma! synthesis was 
accomplished by 2-6 cyclea of shaking the solid with distilled water is 2^ HDPE 250 toL bottles 
using a hand sliaker maclune a«dodeI M3763 5, Bamstead/niemiolyji^ Dubuque, lowiO followed by 
ccntrsfiigiDg at 4500 ypm for 30 nun. Ondoction Drive Centrifijge. Model 12-21M, Bcckman 
InsininiemSk Fidlerton CA). 

The washed solid (Aasc was dried in an oven at 70*C Jbr 24 b (Isoiemp oveai, model 230G, 
Fisher Sdentific) and ground imo powder. The jfyntheRzed MG-HAp powder comalscd a Auction of 
vnreacted Mg(OE^ Thet^on; h was suspended in. 0.2 M^imnoi^ dtrale aqueous solution. 
The aounouuin dtrme sohition was pr^ed in a 250 ml, ^ss bea3;er by dissolving 3 .843 g uf sc^d 
cairie add (reagent grad^ Aldrich, MHwaukee. WI) in 200 mL of distilled xvaier and subsequently 
slow*/ adding amroonia solution (nageni grade, Pisher Sdcniific) to yidd a pH of 10. 1.0 g of the 
^^g-HAp contoirang unreadied Mg(OH)j was then suspended in the solution. The dissolution of the 
Mg(OH)j -was accomplished under a vigorous stirring using a magnetic stiircr fbr 24 h. This 
procedure was repeated once under the same conditions, in order to compietely remove the Mg<OB)x 
phase. 
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iPropenies: Mg oomcnl; 15 wi%, pul'rde ace distribuUcm: 2SO>4SO0 on^ . 
SSA: llSmVe. 



OQMPARATTVE BXAMFLE 
Example I was repealed sobstiiuting 2-propuiol (C|HfOH, Instologicd gr&dc, FuhL-r 
Sciontific) for vnScr. so that ilie reoction condition; were pwclj* mcchanochcmicat. Under otherwise 
equivalent conditions, no Mg-HAp wbs observed to fonn. This einpha»zes the tmporttoec of the 
hydroihcrnvl conditiuiu pro>'idod by the aqueous reactioo medium in wlncb si Jean one of the ion 
sources is soluble, and which thus active^ porticipatcs in the ^vmheu reaction Uy dissolviiig one oT 
the mctants. 

The present invention thus provides for ihc rqvodu^dc and low-cost fidiricalion of higb- 
qualtty l^ig-BAp powden in lafge batch mzes. The Ibregoir^ examples and deKripiloa of the 
prcfeired eihbodiment should be taken es ilhiHtralir^ rather than as limiting the present invention as 
defined the cloims. At win be lesdily cppredated. numcroiu variations and combLn&tions of the 
Aatures set forth obnue can be utlUaed whbout departins from the present invention as set fonh in 
tbe cJflinu. Such variations are not ri^arded as a dqianurc 1/om the spirit and scope of the invention, 
and bD such variations are intended to be included witbin the scope of the foliowin£ claims. 



( 26 ) 



JP 2004-532172 A 2004.10.21 



WO IJ2/0699S6 PCTA>S02A>6M$ 

13 

WHAT IS dJilMED IS: 



1 . A 5tnU«» phase-pure masRcshim-substituicd crystallino bydroxyapolilc compnsins from about 
2.0 to &bout 29 \vt% xnasneEium, wher«n «1 least 75 wi^i of the magnesmra content is aubstiiurted 
for calcium ions in the hydroTcyapstite laUice stnicturc 

2. The pbAMj-puTc m^gnc^nn^substituied aystalline h^fdroiQfapatite of Claim I, comprising 
Iroin about 3.5 to about 28.4 tvt$4 masoeMum. 

3. 'JThc fdnse^ure magnesiunKsubsiituied erystalliiw hydmxyapaiite of Qaim 2, conqnising 
fiom about 5 to about 35 TvtM masnesium. 

A. The phase-pure ma£iieK}utn-n>bsiitut«d ayrtalUnc h>'dro»:yiipaiiie of QRim 1, wherein 
esftcnuaily all of the ma^esium content h subsiituied for calchtm iooa io the b^'dnaxyapcthe lattice 
stnicture. 

5. The phMO-pure inagnesiuin-«ubstituted crynidlnie hydros^patite ttf atiin 1. con^riuixg 
erynal agglomerates i»vsog a particle size between about S nm atid diout 100 jnicroas. 

C. A method &j fhe prqwation of phase-pure cryaialltne mi^Re^m*std)Stituted faydroxyapaltte 
compri^iig mcdtanocfaesmcany reactii^ a source cTcelraim ions, a source of magnesium kaa, a 
source of |diospliatc ions and a source of hydnrdde ions, at least one of xphich it R^iUe hi vnter, in 
a aqueous reacdon medhim tuilO said nuencshim subsdtutcd-l^droxyapatite is formed. 

7. The method of Claim 6, 'wiierein said ion sources are sioichiometTicaity selected to provide a 
predetermined Icvc) of magncsion substiiutioii. 

S. The method of Claim 6, iimher comprisios the step of se]»rating said niagneswm- mbstltuted 
faydroiQFapatite irom said atpieous reaction medium. 
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9. Tb«t meihod of Qiiin 8, ftirther eopiprisiiQ the Hep of wnshons lud magneiiuin^ substhtned 
JiytlnnyafoUte with water. 

10. The method of a«im 9, ftirther eoroprwing the «tep of diying said n)8£acsiuin> substmited 
hydroxj-apetiiG. 

1 1 . The method of Qain 9, further compmins the step of washing siid nugneshim* nibsthutcd 
hydroxyopatite with an aqueous anunonium citrate sohitjoii before washing said jjiagneMum* 
mbsUtuled hydroxyapaxUc with water. 

1 3. The method of Claim 6, wherein M least one of the ion sources it waier*lnsc^ble. 

J 3 . The method of Oatm 12, ivherdn the ealdum km soarcc or the megnesiiuxi ion source is 
-watcx^inyduble. 

14. The method of Oaim 6, wherein said phosphate ton source is water soluble. 

1 5. The method of Qftun 6» wherein said raagncsiuni ion source is selected from the group 
consisting of magnesium bydroxidfi; magnesmm carbonate, magnesium balidcs; magnesium oxide, 
magne^m nftnte and magnesaum phosphate. 

1 6. The method of Qalro 1 5. wfaerean sud magnesium ion source is magneanm hydroxide. 



1 7. The method of Claim ivherein said odcnmi ion source is selected &om the group consisting 
of cakhim hydroxide, calcaum carfoonaic, calciamhalide$» caldim) oxide, ealdum mtrete and caldum 
phos p hate. 



18. The method of Qaim 17, i^ieran said calchim ion source is calcium hydroxide. ' 
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19. The method of Ctoim 6, wherein said phosphate ion Bource is ackcted from ttie group 
oonsisibg oTunmoi^ni phosplisies, calcium phosphates, msgncaom phosphates, and sodium 
phosphates. 

20. The method of Qaim 1^, whcreiii said phosphate ion source is dismnranhim hydrogen 
phosphate. 

21 . A. paddng material for use in a chromatography cohjmn or eas sensor or as a catalytic 
support comprising tho mBgneshim>substiiuied hydroxyapatite of dain 1. 

23. A biocompatiUc bard tissue ims^aat comprising the magnesium-snbsiitmcd IiydroxyBpaliie of 
Claim 1. 

23 . The biocojTipaiible hard tissue implant of Qaim 22, comprisiitg a metal or polymeric implant 
coaled viiih said insgncaum-cubstituted hydroxyapatitc. 

24. The liiocompatible hard ttswc implant of dain 22. ccsnpriiaqs a polymeric camposhe. 

75. A granular fill ftg direct Incorporation too human or animid tissues cwiyrisiqg the 
magnesium-aulistihnod hydraxyi^ite oTQaini I , 

26. The eraniflar fiD of doim 25, compriang a metal or polymeric composite for filling denul 
cavities. 

27. A plant growth substrate coroprismg the magnesium-substituted hydroxyapattie of Qaim I. 

28 . -A. dentifrice omnposition comprising tha magiiashim-aubstituted l^iUvn^apatite of cWm I . 

29. A mtibod for increasing the n»(gne»um oonteot in tSie lattice smicture of magnesium- 
substiuited oystaBine hydrooofapatiie rdativc to the caldum content of the lattice stnicture and to the 
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non-tatiice iMsnesium oomenl, utid method con^risng waihine magneitiuni-subslUuled 
h)*draiyapuiic whh an aqueous Aininoimua dinite toludon. 

30. A hon material for hmuncscem aj>{)Iic«tions comprising lb* magoc^iuro - 3ub«united , 
h)'droxyapat}teof daim 1. 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

d 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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